Colon transit time (CTT) is a useful diagnostic tool in chronic constipation, but requires good patient compliance. We analyzed the correlation between the gas volume score (GVS) and CTT in patients with chronic constipation.
Introduction
Assessment of colon transit is important in patients with symptoms of colonic dysmotility because it can provide useful mechanistic insights and gauge treatment response.
1,2 Among various available tests, radiopaque marker tests have traditionally been performed to measure colon transit time (CTT), representing the most widely used method. Transit studies using radiopaque markers distinguish constipation subgroups such as normal or slow transit constipation and assess segmental transit times in patients with delayed total colon transit. 3 However, this method requires good patient compliance. At times, elderly patients tend to forget to take the markers or undergo abdominal radiography as scheduled. However, intestinal bowel gas can easily be identified on plain abdominal radiographs. Bowel gas volume has been reported to represent an important indicator of bowel function in bowel diseases including chronic constipation. Bowel gas was significantly greater in patients with functional bowel disorder than in controls. [4] [5] [6] Patients with postoperative bowel dysfunction such as constipation displayed relatively high volumes of gas in the left colon. Left colon transit time correlated with left colon gas volume score after colorectal surgery. 7 Furthermore, Pimental et al 8 demonstrated that methane (CH 4 ) gas slows intestinal transit and alters intestinal motor function. CH 4 excretion was associated with chronic constipation. 9 If the bowel gas volume might be associated with colon transit, clinician could use bowel gas volume score (GVS) instead of somewhat complex CTT for evaluation of colon transit. In this study, we investigated if the bowel gas volume score (GVS) might substitute for CTT. We therefore analyzed the correlation between the colon GVS and CTT in patients with chronic constipation.
Patients and M ethods

Patients
Consecutive patients admitted to Chonnam National University Hospital for colon transit studies over an 8-year period (from Jan 2005 to Jan 2013) were included in the study, provided they had suffered from chronic constipation. Exclusion criteria were known organic intestinal disease, prior abdominal surgery, or pregnancy. The cohort included patients with constipation predominant irritable bowel syndrome (IBS-C) and patients with functional constipation according to Rome III criteria.
Assessment of Colon Transit Time
CTT was assessed using radiopaque markers (Kolomark TM , M.I Tech, Pyeongtaek-si, Korea). Each gelatin capsule contained 20 ring-shaped radiopaque markers measuring 1 mm × 4.5 mm. Each radiopaque polyethylene marker contained 40% barium.
Subjects ingested 1 capsule at 9 AM on days 1, 2, and 3. On days 4 and 7, plain abdominal radiographs were obtained in the erect position. Patients were asked to maintain their regular diets and to refrain from using laxatives during the study. The projection zones in the right colon, left colon, and rectosigmoid are limited by the bony landmarks (fifth lumbar vertebra, the pelvic outlet) as described by Arhan et al. 10 Markers were readily identified and counted in each segment on abdominal radiographs. CTT in each segment and throughout the entire colon was calculated by multiplying the number of markers by 1.2. 
Gas Volume Analysis of the Colon From Abdominal Radiographs
Each film used for the transit study was obtained using a picture archiving and communication system (PACS; Maroview version 5.4, MAROTECH Inc, Seoul, Korea). Areas of colon gas were outlined as rectangular and by free-hand drawing a region of interest and calculated. The large intestine was divided into 3 parts, as mentioned above. According to the GVS defined by Koide, 12 the percentage (%) of right colon gas in the region surrounded by a horizontal line tangential to the suprasymphysary margin, a horizontal line tangential to the uppermost diaphragm, and the most lateral line tangential to the right and left costal arches was defined as the right colon GVS (RCS). The left colon (LCS) and rectosigmoid colon (RSCS) scores were defined in a similar manner. Kerckring folds were useful in distinguishing small bowel gas from colon gas when small bowel gas was present. No patients in this series were gasless.
Outcome Measures
The primary outcome was the correlation between the colon GVS and CTT in patients with chronic constipation. The secon- IBS-C, constipation dominant irritable bowel syndrome; TCTT, total colon transit time; RCTT, right colon transit time; LCTT, left colon transit time; RSCTT, rectosigmoid colon transit time GVS, gas volume score; RCS, right colon gas volume score; LCS, left colon gas volume score; RSCS, rectosigmoid colon gas volume score.
dary outcomes were as follows: (1) the difference in colon GVS according to colon transit and (2) the difference in colon GVS between functional constipation and IBS-C patients.
Statistical Methods
Statistical analysis was performed with IBM SPSS Statistics version 20.0 (IBM Co, Armonk, NY, USA). Categorical variables were described using frequencies and percentages. Continuous variables were summarized using median values (quartiles). Between-group comparisons were performed using the Mann-Whitney signed-rank test, the Wilcoxon signed-rank test, and the Chi-squared test, as appropriate. Relationships between GVS and CTT were assessed by the Pearson's product moment correlation coefficient test. To assess the ability of each GVS to predict colon transit, the area under the receiver operating characteristics (ROC) curve was tested. Statistical significance was established at the level of P < 0.05.
Results
A total of 157 patients with chronic constipation underwent the colon transit study. Of these, 12 patients were excluded due to an operative history for gastrointestinal malignancy in 5 cases and incomplete colon transit studies in 7 cases. Ultimately, 145 patients (65 men, mean age 55.6 ± 17.9 years) were included. These included 88 (60.7%) patients classified as having "functional constipation" and 57 (39.3%) patients classified as having "IBS-C." There were no differences in age, gender, and total CTT between the "functional constipation" and "IBS-C" groups (Table 1 ). There were 81 (55.9%) patients with "CTT< 45 hour" and 64 (44.1%) patients with "CTT ≥ 45 hours."
Colon Transit Time and Colon Gas Volume Score
There was no correlation between CTT and colon GVS. However, RCS showed a positive correlation with RCTT (r = 0.255, P = 0.007). There were no correlations between LCTT and LCS and between RSCTT and RSCS (P = 0.168 and 0.475, respectively; Fig. 1 ).
Colon Gas Volume Score According to Colon Transit
The Median CTT was 22.8 hours (6.6-32.4 hours) in patients with "CTT < 45 hours" and 73.8 hours (56.7-93.3 hours) in patients with "CTT ≥ 45 hours." The median total colon GVS was significantly higher in patients with "CTT ≥ 45 hours" than in those with "CTT < 45 hours" (5.66% vs 4.15%, P = 0.010; Fig. 2 ). There was no difference in RCS between the 2 groups (P > 0.05). However, there were significant difference in LCS and RSCS ( Table 2 ). The ROC curve analysis showed a fair result for the total colon GVS predicting slow transit in patients with chronic constipation. The ROC analysis, the optimal cut-off value to diagnosis slow CTT (over 45 hours) was 4.63% (sensitivity 66.7%, specificity 54.5%, and AUC 0.628 [95% confidence interval, 0.535 and 0.721]; Fig. 3 ).
Colon Gas Volume Score Between Functional Constipation and Constipation Dominant Irritable Bowel Syndrome
There were no significant differences in colon GVS between Figure 1 . Relationship between colon transit time (CTT) and colon gas volume score (GVS). There was no correlation between CTT and total colon GVS. However, right colon gas volume score (RCS) showed a positive correlation with right colon transit time (RCTT; r = 0.255, P = 0.007). LCTT, left colon transit time; LCS, left colon gas volume score; RSCTT, rectosigmoid colon transit time; RSCS, rectosigmoid colon gas volume score. patients with functional constipation and those with IBS-C ( Table 1) .
Discussion
In the present study, total colon GVS did not correlate with CTT, but we found a positive, although low, correlation between RCTT and RCS. In the subgroup analysis of patients with slow transit, only RCS correlated with RCTT. Intestinal gases produced by enteric microflora are associated with various abdominal symptoms such as bloating, abdominal pain, and bowel habit changes. Intestinal gases produced by enteric bacteria include CH 4 , hydrogen (H 2 ), hydrogen sulfide (H 2 S), and carbon dioxide (CO 2 ). 13 Among these gases, CH 4 gas slows intestinal transits, augments reflex contraction of the intestinal muscle, and al- CTT, colon transit time; GVS, gas volume score; RCS, right colon gas volume score; LCS, left colon gas volume score; RSCS, rectosigmoid gas volume score. ters intestinal motor function. 8 In addition, Jahng et al 14 showed
that CH 4 gas delayed the contraction velocity of ileal peristalsis and that H 2 gas shortened colonic transit in the proximal and distal colon. CH 4 positivity was associated with delayed colonic transit or prolonged oro-cecal transit time. [15] [16] [17] Moreover, CH 4 producers had significantly higher GVS as compared with nonproducers. 18 In this study, total colon gas volume did not correlate with CTT. And, only RCS correlated with RCTT. The reasons would be as follows: colon contains not only CH 4 but also H 2 . The component of variable intestinal gases may affect (delay or shorten) colon transit. Moreover, GVS measurement in the left colon and rectosigmoid colon may be more influenced by gas from the stomach or small intestine than measurement in the right colon. The retroperitoneal structure of the colon (ascending colon, descending colon, and rectum) are relatively constant in position. These are often more readily identified than transverse colon or sigmoid colon which are more variable in position. Even though we try to differentiate small bowel gas from colonic gas, redundant transverse colon or sigmoid colon frequently overlaps with small bowel. For this reason, only RCS might positively correlate with right CTT. Another possible hypothesis is that methanogenic bacteria may be abundant in the right colon. However, previous study showed that a few methanogenic bacteria were dominantly found in the left colon. 19, 20 Therefore, the analysis for component of gases and gas producing bacteria needs to be studied. We divided patients with chronic constipation into 2 groups (CTT < 45 hours vs CTT ≥ 45 hours) according to CTT (45 hours). CTTs are generally shorter in the normal Asian population than in Western populations. In most Western studies, the mean CTT was 30-40 hours with upper normal limit of 70 hours. 4, 11, 21 In studies from Asia, the mean CTT was 20-30 hours in normal subjects. 2, 22, 23 Among these studies, Chan et al 22 suggested that upper limit of normal CTT (mean value + 2 SD) was 62 hours. In this study, we assumed that upper limit of normal CTT was 45 hours (mean value + 1 SD). We therefore discretionally categorized patients into "CTT < 45 hours" and "CTT ≥ 45 hours." We showed that total colon GVS was higher in patients with "CTT ≥ 45 hours" than in those with "CTT < 45 hours" (5.66% vs 4.15%). Bowel gas is easily identified on plain abdominal radiographs, and is useful for diagnosing ileus and other diseases. 6 Several previous studies showed that bowel gas volume
represented an important indicator of bowel function. 4, 12, 24 However, until now, there have been few reports on the associations between colon GVS and colon transit. Although ROC curve could not show the diagnostic value of colon GVS in predicting slow transit and the range of colon GVS was largely overlapping each other, this study may suggest the role of colon GVS as supportive tool for diagnosis of slow transit constipation. When clinicians encounter a constipated patient with a large amount of bowel gas on plain abdominal radiography, they can suspect that the patient may have slow colon transit. In this study, mean colon transit time was 43.8 hours in pa-tients with functional constipation and 38.4 hours in patients with IBS-C. And, 60.6% patients were categorized as "slow transit" (CTT > 45 hours). A study on Iranians with constipation, 57.8% had slow total CTT and mean total CTT in patients with functional constipation and IBS-C was 52.2 hours and 41.2 hours, respectively. 25 Mollen et al 26 showed that 71% of patients with functional constipation had abnormal total CTT, however, patients with IBS had normal colon transit. Actually, previous study showed that only 12% of IBS-C had delayed colon transit. However, in that study, stool form and stool frequency were negatively correlated to total CTT. 27 We showed that CTT was not different between patients with functional constipation and those with IBS-C. A few studies compared the CTT of functionally constipated and IBS-C patients, and showed conflicting data. Two studies showed that the RSCTT was significantly higher in patients with functional constipation than in those with IBS-C. 25, 28 In our study, patients with functional constipation had a higher RSCTT (18.6 hours) than patients with IBS-C (14.4 hours). However, there was no significant difference between the 2 groups. This study has some limitations as follows: (1) this was a retrospective study with a relatively small sample size. Therefore, we could not show subjects' individual symptoms or symptom scores. (2) Bowel gas area on plain abdomen radiographs does not constitute an accurate real gas volume. And, we adopted a variant method of the original GVS. 12 Even though we try to differentiate small bowel gas from colonic gas, redundant transverse colon or sigmoid colon frequently overlaps with small bowel. (3) There was the only small mean difference of colon GVS between the 2 groups. And, ROC curve could not show the diagnostic value of colon GVS in predicting slow transit. Therefore, at the present time, it is difficult to apply to clinical situation on managing constipated patient. For clinical impact on managing constipated patients, the method for measurement of colon GVS need to be more validated and computerized. In summary, there was no correlation between CTT and colon GVS. However, colon GVS in patients with "CTT ≥ 45 hours" was higher than that in patients with "CTT < 45 hours."
In conclusion, we were unable to detect a correlation between the colon GVS and CTT in patients with chronic constipation. However, total colon GVS may be a method of predicting slow transit in patients with chronic constipation.
